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(57) ABSTRACT

A method is provided for controlling the current intensity of
the electric current flowing through an inductive consumer,
the consumer being connected in series to a switching device
and a current measuring unit, and in parallel to a free-
wheeling element, and the switching device being activated
for adjusting the current intensity during a pulse width
modulation period. It is provided that a mean load voltage to
be set during the pulse width modulation period is deter-
mined from an input current intensity with the aid of a first
controller, the mean load voltage being set in the pulse width
modulation period with the aid of the switching device at the
consumer, the mean load voltage or a setpoint load voltage
determined with the aid of a second controller from a
predefined setpoint current intensity being fed to a model
adapted to the consumer, and the input current intensity
being ascertained from the difference between the pre-
defined setpoint current intensity and a difference variable
between an actual current intensity through the consumer
and a model current intensity determined with the aid of the
model. A circuit configuration for implementing the method
is also provided.

10 Claims, 4 Drawing Sheets
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1
METHOD FOR CONTROLLING THE
CURRENT INTENSITY OF THE ELECTRIC
CURRENT FLOWING THROUGH AN
INDUCTIVE CONSUMER AND A
CORRESPONDING CIRCUIT
CONFIGURATION

FIELD OF THE INVENTION

The present invention relates to a method for controlling
the current intensity of the electric current flowing through
an inductive consumer, the consumer being connected in
series to a switching device and a current measuring unit,
and in parallel to a freewheeling element, and the switching
device being activated for adjusting the current intensity
during a pulse width modulation period. The present inven-
tion also relates to a circuit configuration.

BACKGROUND INFORMATION

The inductive consumer is, for example, an actuator or the
like, which is used, in particular, in a transmission of a motor
vehicle, for example, an automatic transmission. To operate
the consumer, the consumer is supplied with electric current,
and the behavior of the consumer is capable of being
influenced by adjusting the current intensity. The consumer
may be present, for example, in the form of a solenoid valve,
in which a flow-through cross section for a fluid and,
therefore, the flow-rate of the fluid through the solenoid
valve, may be adjusted via the current intensity.

To control the current intensity, the consumer is connected
in series to the switching device and to the current measuring
unit. The switching device is used either to supply the
consumer with electric current or to interrupt the current
feed. This takes place using a pulse width modulation
method, so that the switching device is correspondingly
activated for adjusting the current intensity during a pulse
width modulation period or during a plurality of successive
pulse width modulation periods. The activation occurs here
with a certain pulse duty factor, which indicates over which
temporal portion of each pulse width modulation period the
consumer is to be supplied with electric current.

At a pulse duty factor of zero, for example, no current at
all is supplied to the consumer, whereas at a pulse duty
factor of one, current is supplied over the entire pulse width
modulation period. The pulse duty factor is normally estab-
lished separately for each pulse width modulation period.
Any arbitrary pulse duty factor from zero to one is, of
course, selectable, so that the portion of the pulse width
modulation period during which the consumer is supplied
with electric current may be arbitrarily adjusted. Accord-
ingly, the behavior of the consumer may also be arbitrarily
influenced.

The current measuring unit is used to determine, in
particular by measuring, the electric current actually flowing
through the consumer, or the current intensity thereof. The
current measuring unit in this case includes, for example, a
so-called shunt resistor. Based on the voltage drop across the
resistor, it is possible to deduce the current intensity of the
electric current flowing through the consumer and the shunt
resistor. The free-wheeling element, which is designed, for
example, as a free-wheeling diode, is normally present in
parallel to the consumer. The free-wheeling element is used,
in particular, to protect the consumer from over-voltages,
which may occur when the power supply of the inductive
consumer is interrupted with the aid of the switching device,
primarily as a result of self-induction. The free-wheeling
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element thereby prevents the occurrence of excessive volt-
ages and, thus, potential adverse effects or damage to the
inductive consumer.

Due, in particular, to the self-induction of the inductive
consumer, the latter exhibits a hysteresis-like behavior,
which means that an exact adjustment of the current inten-
sity may no longer be readily carried out due to inaccuracies
resulting from the hysteresis-like behavior, so that the actual
current intensity of the electric current flowing through the
inductive consumer may only be approximately adjusted.

SUMMARY

The method of the present invention, in contrast, has the
advantage that the current intensity of the electric current
flowing through the inductive consumer is controlled with a
higher degree of accuracy than in methods known from the
related art. This is achieved according to the present inven-
tion in that a mean load voltage to be set during the pulse
width modulation period is determined from an input current
intensity with the aid of a first controller, the mean load
voltage being set during the pulse width modulation period
with the aid of the switching device at the consumer, the
mean load voltage or a setpoint load voltage determined
with the aid of a second controller from a predefined setpoint
current intensity being supplied to a model adapted to the
consumer, and the input current intensity being ascertained
from the difference between the predefined setpoint current
intensity and a difference variable between an actual current
intensity through the consumer and a model current intensity
determined with the aid of the model. Thus, on the whole, it
is provided to control the current intensity with the aid of a
so-called IMC controller (IMC: internal model control). In
this way, the parameterization of the first controller is
simplified, because it takes place directly based on the
properties of the inductive consumer, thus, in particular, due
to the inductivity and the resistance of the consumer. The
application complexity of the system is accordingly reduced.

It is also provided that the pulse duty factor to be set at the
switching device is, for example, not directly ascertained
from the input current intensity with the aid of the first
controller. Instead, a mean load voltage to be set must
initially be determined. The pulse duty factor is, in particu-
lar, a function of a supply voltage of a power supply
connected to the consumer via the switching device. In
addition, a dependency of the pulse duty factor on the
free-wheeling voltage of the free-wheeling element exists,
which becomes important when the power supply of the
consumer is interrupted with the aid of the switching device.
The supply voltage of the power supply, designed, for
example, as a battery or a rechargeable battery, is normally
superposed, however, by dynamic disturbances, i.e., voltage
drops or voltage jumps, for example. If, during the pulse
width modulation period, the first controller were to directly
calculate the pulse duty factor to be set, then these distur-
bances would be incorporated as disturbance variables in the
applied control algorithm.

In order to limit the impact of the disturbances on the
stability of the control, the piece of information provided to
the first controller would have to be filtered, e.g., low-pass
filtered via the instantaneous supply voltage. However, this
in turn would mean that changes in the supply voltage could
only be corrected by a delay resulting from the filtering. This
is a problem, in particular, in the case of voltage jumps to
high voltages, because these could cause damage to the
consumer. Accordingly, it is now provided to determine only
the mean load voltage, from which in a next step, for
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example, the pulse duty factor is ascertained, or which is
used to activate the switching device. The mean load voltage
corresponds to the voltage, which the first controller aims to
set at the consumer during the (next) pulse width modulation
period, in order to achieve the desired current intensity.

To implement the IMC control method, there is, in addi-
tion to the first controller, a model of the consumer, which
provides a current intensity analogously to the actual con-
trolled system, namely, the consumer. This is referred to in
the case of the model as the model current intensity. The
model current intensity represents the output variable, in
particular, the sole output variable of the model. As the input
variable, in particular, as the sole input variable, either the
mean load voltage, which is determined with the aid of the
first controller and also set during the pulse width modula-
tion period with the aid of the switching device, is fed to the
model. Alternatively, a setpoint load voltage may also be fed
to the model, which is determined with the aid of the second
controller. The setpoint current intensity is fed as the input
variable to this second controller, preferably, as well as to the
first controller.

To close the control loop, which includes the first con-
troller, the input current intensity fed to the control loop is
determined from a difference, in which the difference vari-
able is subtracted from the setpoint current intensity. The
difference variable lies between the actual current intensity,
which is determined or measured, for example, with the aid
of the current measuring unit, and the model current inten-
sity obtained while using the model. The difference variable
is, for example, the difference between the actual current
intensity and the model current intensity. The setpoint cur-
rent intensity is the current intensity which is to be set at the
consumer. Thus, in an ideal model, which corresponds fully
to the consumer, and in which no disturbances occur, the
difference variable is thus always equal to zero, so that the
setpoint current intensity in this case is fed to the first
controller as the input current intensity or as the input
variable.

In one refinement of the present invention, it is provided
that the mean load voltage is limited downward to a mini-
mum value and/or upward to a maximum value. Instead of
or in addition to the limitation of the mean load voltage, the
absolute value of the mean load voltage may also be limited.
With the aid of the downward limitation, it is ensured that
the load voltage, or the mean load voltage, does not become
smaller than a minimum implementable voltage. Alterna-
tively, or in addition, the limitation may take place in such
a way that the load voltage, or the mean load voltage, does
not exceed the maximum value. In this way, it is ensured, in
particular, that the predefined mean load voltage is not
greater than an available supply voltage of the power supply.

Similarly, it may be provided in another embodiment of
the present invention that a mean supply voltage of a power
supply for the consumer is used as the maximum value. The
power supply is designed, for example, as a battery or a
rechargeable battery. The supply voltage may fluctuate as a
result of different loads of the power supply at different
points in time, in particular as a result of additional con-
sumers. For this reason, a mean value, namely the mean
supply voltage, preferably not the supply voltage itself, is
used as the maximum value. The mean supply voltage is
obtained, for example, by a filtering of the instantaneous
supply voltage, in particular with the aid of a low-pass filter.

In addition, or alternatively, it may be provided that a
free-wheeling voltage or the absolute value of the free-
wheeling voltage of the free-wheeling element is used as the
minimum value. Thus, the minimum value is determined by
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the property of the free-wheeling element, and is normally
constant, whereas the maximum value may change over
time.

One refinement of the present invention provides that at
least once during the pulse width modulation period, a pulse
duty factor for the pulse width modulation period to be set
with the aid of the switching device is determined from the
mean load voltage and the instantaneous supply voltage of
the power supply. As explained above, the mean load voltage
is ascertained with the aid of the first controller. Based on the
mean load voltage, the switching device must be subse-
quently activated in order to control or set the desired current
intensity of the electric current flowing through the con-
sumer. For example, it may be provided that at the start or
prior to the start of the pulse width modulation period, the
pulse duty factor for the pulse width modulation period is
established from the mean load voltage. In this case, the
instantaneous supply voltage of the power supply, in addi-
tion to the mean load voltage, may also be incorporated.
Alternatively, it is, of course, also possible to use the mean
supply voltage.

In such an approach, the switching device is set in
accordance with the certain pulse duty factor during the
pulse width modulation period. Advantageously, however,
the pulse duty factor is determined multiple times during the
pulse width modulation period, or the switching device is
activated in such a way that a certain pulse duty factor is set.
This occurs particularly preferably based on the instanta-
neous supply voltage. In this way, it is possible to compen-
sate for fluctuations of the supply voltage, so that they are
not reflected in a deviation of the actual current intensity
from the setpoint current intensity, or negatively affect the
control of the current intensity. For example, a counter is set
to zero at the beginning of the pulse width modulation period
and during the pulse width modulation period is incremented
in successive work cycles for a particular duration by a value
which corresponds to the instantaneous supply voltage
divided by the duration of the (entire) pulse width modula-
tion period. As long as this counter is less than the mean load
voltage, the switching device is activated to supply the
consumer with electric current. If, on the other hand, the
counter exceeds the mean load voltage, the switching device
is activated to interrupt the power supply. Analogous
approaches are, of course, also possible.

Another embodiment of the present invention provides
that the mean load voltage is determined from the input
current intensity with the aid of the first controller at a pulse
width modulation frequency, and that the pulse duty factor
is determined at a sampling frequency, the sampling fre-
quency being selected to be greater than the pulse width
modulation frequency. The pulse width modulation fre-
quency is derived from the reciprocal value of the duration
of the pulse width modulation period. The pulse width
modulation frequency is preferably constant, but may also
be selected to be variable. As explained above, the sampling
frequency may be determined multiple times during the
pulse width modulation period, or the switching device may
be activated in such a way that the certain pulse duty factor
is seft.

The sampling frequency, at which the pulse duty factor is
determined during the pulse width modulation period, or at
which the switching device is activated, is intended to be
correspondingly greater than the pulse width modulation
frequency. In particular, it is significantly greater, for
example, by a factor of 2, 3, 4, 5, 10, 25 or 50. Thus, the
pulse duty factor is adapted during the pulse width modu-
lation period to an instantaneous supply voltage, which
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changes under certain circumstances. Thus, during the actual
activation of the switching device, it is possible to take into
account the instantaneous supply voltage, and to therefore
reduce the influence of disturbances to the supply voltage
without the first controller having to intervene. Accordingly,
an extremely stable control loop is achieved. In this case, it
may also be useful to take the free-wheeling voltage into
account when calculating the pulse duty factor.

In one particularly preferred specific embodiment of the
present invention, it is provided that the setpoint current
intensity is determined from a target current intensity and a
superposition current intensity, the superposition current
intensity being determined from the superposition target
current intensity with the aid of an inverted transfer function
of a control loop made up of the first controller and the
consumer. Thus, the setpoint current intensity, from which
the input current intensity is ultimately determined, is itself
composed of multiple values, namely, the target current
intensity and the superposition current intensity. The target
current intensity in this case describes, for example, that
current intensity with which a desired state of the consumer
is achieved. In this respect, the target current intensity is a
mean current intensity, which remains constant, frequently
over multiple pulse width modulation periods. The super-
position current intensity, on the other hand, preferably
changes periodically and, in that respect, corresponds to a
dither signal. The superposition current intensity is deter-
mined, for example, based on a predefined curve over time,
which continues periodically.

Thus, the setpoint current intensity does not correspond to
the target current intensity, but rather is periodically reduced
or increased based on the target current intensity. The
superposition current intensity in this case is normally
significantly less than the target current intensity. The result
of superposing the superposition current intensity on the
target current intensity is that at no point in time does a
movable element of the inductive consumer come to a stop
and, accordingly, pass into a state of static friction. Instead,
the element is always kept in motion, so that it is in a state
of sliding friction. In this way, it is possible to achieve a
minimum hysteresis of the consumer, or of the movable
element of the consumer.

The superposition current intensity is calculated from the
superposition target current intensity, the latter being deter-
mined, for example, from a table or based on a mathematical
formula, each of which preferably includes the time or an
equivalent variable as the parameter. The inverted transfer
function is applied to the superposition target current inten-
sity, which yields the superposition current intensity. The
transfer function describes the control loop, which is made
up of the first controller and the consumer. The application
of the inverted transfer function ensures that the superposi-
tion target current intensity is actually applied at the con-
sumer and is not changed by the first controller or by other
influences.

In principle, the superposition target current intensity may
progress arbitrarily over time. Normally, however, positive
values alternate with negative values, so that initially a
positive value exists over a particular first number of pulse
width modulation periods, and a negative value of the
superposition target current intensity exists over a subse-
quent number of pulse width modulation periods, whereby
each of the values may change in amplitude in the positive
or negative range. The number of pulse width modulation
periods in this case may be the same or may differ. Similarly,
the amplitude of the superposition target current intensity
may be selected in both ranges to be the same or different.
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It must always be noted, however, that the mean value over
a period of the superposition target current intensity is equal
to 0, so that in this respect, a mean value neutrality exists.
For example, the curve of the superposition target current
intensity has a sinusoidal profile.

One advantageous refinement of the present invention
provides that the difference variable corresponds to the
difference, one guided in particular by a transfer element,
between the actual current intensity through the consumer
and the model current intensity determined with the aid of
the model. As explained above, the difference variable may
be the same as the difference between the actual current
intensity and the model current intensity, the latter being
subtracted from the former. Using the superposition current
intensity or the superposition target current intensity may
result in a shift of the mean current intensity of the electric
current flowing through the consumer—averaged over a
period of the superposition target current intensity. This case
occurs, in particular, if the control loop, made up of the first
controller and the consumer, is unable to follow the supply
voltage and/or the free-wheeling voltage due to the selected
time constants. The resulting error in this case is referred to
as a mean value error, and is preferably corrected. In this
case, the behavior of the first controller is utilized by
restoring the difference variable as described. The difference
variable in this case is particularly preferably guided by the
transfer element.

This transfer element may be, for example, a P-element,
an I-element, a D-element or an arbitrary combination of
these.

Finally, in another embodiment of the present invention,
it may be provided that the target current intensity, the
setpoint current intensity and/or the input current intensity
are filtered. Thus, a single one of the aforementioned current
intensities or multiple, in particular, all of the aforemen-
tioned current intensities may be subjected to a filtering. In
this way, sudden changes in the current intensity are avoided
and the stability of the control is improved.

The present invention also relates to a circuit configura-
tion, which includes a control unit for controlling the current
intensity of the electric current flowing through the con-
sumer, in particular, a circuit configuration for carrying out
the method described above, the consumer being connected
in series to a switching device and a current measuring unit,
and in parallel to a freewheeling element, and the control
unit being designed to activate the switching device for
adjusting the current intensity during a pulse width modu-
lation period. The control unit is also provided to determine
a mean load voltage to be set during the pulse width
modulation period from an input current intensity with the
aid of a first controller, the mean load voltage being set
during the pulse width modulation period with the aid of the
switching device at the consumer, the mean load voltage or
a setpoint load voltage determined with the aid of a second
controller from a predefined setpoint current intensity being
supplied to a model adapted to the consumer, and the input
current intensity being ascertained from the difference
between the predefined setpoint current intensity and a
difference variable between an actual current intensity
through the consumer and a model current intensity deter-
mined with the aid of the model. The advantages of such an
approach have been previously noted. The circuit configu-
ration and the method may, of course, be further refined
according to the preceding implementations, so that in this
regard reference is made thereto.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a first specific embodiment of a circuit
configuration.
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FIG. 2 shows a second specific embodiment of the circuit
configuration.

FIG. 3 shows a schematic representation of the method in
a first embodiment implemented with the aid of the circuit
configuration.

FIG. 4 shows a schematic representation of the method in
a second embodiment.

FIG. 5 shows a detailed view of an area of the circuit
configuration in a first variant.

FIG. 6 shows a detailed view of the circuit configuration
in a second variant.

DETAILED DESCRIPTION

FIG. 1 shows a circuit configuration 1, which includes a
control unit 2, an inductive consumer 3, a current measuring
unit 4 and a switching device 5. A power supply 6 is also
provided. Connected jointly to the power supply are con-
sumer 3, current measuring unit 4 and switching device 5,
these being connected in series to one another. A free-
wheeling element 7 in the form of a free-wheeling diode is
connected at least in parallel to consumer 3, preferably,
however, also in parallel to current measuring unit 4. The
cathode of free-wheeling element 7 is connected to a posi-
tive pole of power supply 6, whereas the anode of the
free-wheeling element is connected either between con-
sumer 3 and current measuring unit 4 or (as depicted here),
between current measuring unit 4 and switching device 5.
Consumer 3 is present, for example, as a solenoid valve or
as a coil of the solenoid valve.

The side of switching device 5 facing away from con-
sumer 3 is connected to a ground 8. This is optional,
however. Both current measuring unit 4, which includes a
shunt-resistor 9, for example, and switching device 5, which
is formed by a power electronic switch, for example, are
connected to control unit 2. Control unit 2, which in this case
is a microcontroller 10, ascertains the actual current intensity
of the electric current flowing through consumer 3 with the
aid of current measuring unit 4 and shunt resistor 9. In
addition, control unit 2 activates switching device 5 during
a pulse width modulation period in such a way that the
current intensity or the actual current intensity is controlled.

Instead of the low-side configuration depicted herein,
switching device 5 may, of course, also be situated in a
high-side configuration, i.e., on the side of consumer 3
facing the positive pole of power supply 6.

FIG. 2 shows another specific embodiment of circuit
configuration 1. This differs from the specific embodiment
described with reference to FIG. 1 in that microcontroller 10
is now only connected via a bus 11 to an application-
specific, integrated circuit (ASIC: application-specific inte-
grated circuit). This circuit 12 integrates current measuring
unit 4 and means for activating switching device 5. It is, of
course, additionally possible to integrate switching device 5
into circuit 12, for example. At the same time, circuit 12 may
be designed to control the current intensity for multiple
consumers 3, i.e., in this regard, to include multiple chan-
nels. Circuit 12 may also be used for diagnostic purposes.
Finally, it is also possible to integrate microcontroller 10 into
circuit 12.

FIG. 3 shows a schematic representation of a method for
controlling the current intensity of the electric current flow-
ing through consumer 3, which is implemented, for
example, with the aid of aforementioned circuit configura-
tion 1 or control unit 2. In particular, consumer 3, switching
device 5, a first controller 13, a second controller 14 and a
model 15 are depicted. A target current intensity I,- and a
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superposition target current intensity I,,,- are used as input
variables. Target current intensity I, is conducted past a filter
16 and subsequently provided at a connection point 17.
Superposition target current intensity 1, is converted into a
superposition current intensity I, with the aid of an inverted
transfer function of a control loop made up of first controller
13 and consumer 3. This is also provided at connection point
17. There it is added to target current intensity I, resulting
in a setpoint current intensity ..., which is subsequently
passed over a filter 18, for example.

Setpoint current intensity I, i fed to a connection
point 19, in which a difference variable Al is subtracted from
it. The result of this subtraction is an input current intensity
1, which is fed to first controller 13 as an (in particular, the
only) input variable. This first controller 13 is preferably
designed as an IMC controller and determines a mean load
voltage U,,, from input current intensity 1. This load
voltage is provided as an input variable to both controller 14
and to model 15, in each case as an input variable. In
addition, an instantaneous supply voltage U(t) of power
supply 6 is fed to controller 14. Controller 14 determines a
pulse duty factor from the variables fed to it, and activates
switching device 5 accordingly, so that consumer 3 is either
supplied with current of power supply 6 or the power supply
is interrupted.

The actual current intensity [ ,_,,,.; determined with the aid
of current measuring unit 4 and shunt resistor 9 is fed to a
connection point 20. At the same time, model 15, which is
adapted to consumer 3 or consumers 3 and switching device
5, calculates a model current intensity I, ;- This is also fed
to connection point 20, where it is subtracted from actual
current intensity I_,,,.,- The result of this subtraction repre-
sents difference variable Al, which is optionally passed over
a filter 21, for example, an I-element. By restoring difference
variable Al, the control loop is closed. Accordingly, distur-
bances, which occur in the controlled system made up of
consumer 3 and switching device 5, may be corrected by
first controller 13.

FIG. 4 shows a schematic view of another embodiment of
the method known from FIG. 3. This embodiment differs in
that the mean load voltage U,,; determined with the aid of
first controller 13 is not fed to model 15. Instead, a second
controller 22 is provided, to which setpoint current intensity
Lo poine 15 Ted as a (preferably the only) input variable. From
this setpoint current intensity I, second controller 22
determines a setpoint load voltage U, which, instead of
mean load voltage U, ,, is fed to model 15. In this way, it is
possible, for example, to correct the mean value error
described above. It is expressly noted that filters 16, 18, and
21 in both embodiments of the method are optional, i.e., may
not be provided.

FIG. 5 shows a detailed view of a first variant of circuit
configuration 1, which may be applied, in particular, to the
specific embodiment depicted in FIG. 2. Depicted in sche-
matic form is consumer 3 and its electrical connection to
circuit 12. The circuit, in turn, is connected to microcon-
troller 10 via bus 11 in the manner described above. Now,
however, an additional circuit 23 is provided, which is also
connected to microcontroller 10 via bus 11. In addition,
another connection 24 may be present directly between
circuits 12 and 23. In this way, it is possible to use circuit 23
for monitoring circuit 12, for example, by having circuit 23
as well as circuit 12 determine an activation signal or a pulse
duty factor for switching device 5. The two activation
signals or pulse duty factors ascertained in this way are
subsequently compared with one another and, only if they
coincide, are used to activate switching device 5 and,
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therefore, to supply consumer 3 with current from power
supply 6. Circuits 12 and 23 are each designed, in particular,
as ASICs.

FIG. 6 shows a detailed view of another variant of circuit
configuration 1, which may be employed in safety-critical
areas. Similar to the variant depicted in FIG. 5, to which
express reference is made, two circuits 12 and 23 are
provided. Circuit 23, however, is not used solely for moni-
toring, but is also electrically connected to consumer 3.
Circuit 12 in this case activates switching device 5, for
example, whereas circuit 23 activates another switching
device not depicted here. The first of the two operates,
therefore, as a low-side switch for consumer 3, whereas the
second of the two is used as a high-side switch. However, a
reversed order is, of course, also implementable. Circuit 23
is also used to monitor circuit 12 and is permanently
conductive during a normal operation. If, however, an error
of circuit 12 is detected, then it is possible with the aid of
circuit 23 to interrupt the supply of electric current to
consumer 3.

Thus, even if circuit 12 remains in a state in which
consumer 3 is permanently connected to ground 8, circuit 23
is able to interrupt the power supply of consumer 3. In this
way, a monitoring of actual current intensity 1, or set-
point current intensity I, according to ASIL D is
implemented. Such an ASIL D system may also be imple-
mented with merely one circuit 12, in particular, if a
detection of the switching signal used to activate switching
device 5, i.e., the PWM signal, is integrated into circuit 12.
In this case, a redundant monitoring path may be imple-
mented with a diagnosis based on the detected switching
signal. At this juncture, state variables of a device including
circuit configuration 1, for example, of a transmission, are
evaluated. Such variables are, for example, the transmission
oil temperature or the expected ohmic resistance of con-
sumer 3. A current intensity of the current flowing consumer
3 to be expected may be calculated from the supply voltage,
the detected switching signal and the calculated resistance.
This expected current intensity is compared with setpoint
current intensity .., If a difference occurs, in particular,
a difference which exceeds a particular limiting value,
control unit 2 or circuit 12 may activate switching device 5
in order to interrupt the power supply of consumer 3.

It is possible, within the scope of all specific embodiments
described above, to carry out a diagnosis in a simple manner.
This is implemented, for example, with the aid of at least one
counter. If the error exceeds, per time unit, for example, a
particular maximum error number, an error signal may then
be output. Appropriate counter measures may be initiated
based on this error signal. The counter is incremented, for
example, if during a pulse width modulation period a
deviation of actual current intensity I, from setpoint
current intensity I, €xceeds a certain maximum devia-
tion. In particular, a comparison provided in this case
between actual current intensity 1., and setpoint current
intensity I,,,,;, 18 carried out exactly once per pulse width
modulation period.

What is claimed is:

1. A method for controlling a current intensity of an
electric current flowing through an inductive consumer, the
consumer being connected in series to a switching device
and a current measuring unit, and in parallel to a freewheel-
ing element, the method comprising:

activating the switching device for adjusting the current

intensity during a pulse width modulation period;
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determining a mean load voltage to be set during the pulse
width modulation period from an input current inten-
sity with the aid of a first controller;

setting the mean load voltage during the pulse width

modulation period with the aid of the switching device
at the consumer;

supplying, to a model adapted to the consumer, one of the

mean load voltage and a setpoint load voltage deter-
mined with the aid of a second controller from a
predefined setpoint current intensity;

ascertaining the input current intensity from a difference

between the predefined setpoint current intensity and a
difference variable between an actual current intensity
through the consumer and a model current intensity
determined with the aid of the model,;

determining the setpoint current intensity from a target

current intensity and a superposition current intensity;
and

determining the superposition current intensity from a

superposition target current intensity with the aid of an
inverted transfer function of a control loop made up of
the first controller and the consumer.

2. The method as recited in claim 1, wherein the mean
load voltage is at least one of limited downward to a
minimum value and limited upward to a maximum value.

3. The method as recited in claim 2, wherein a mean
supply voltage of a power supply for the consumer is used
as the maximum value.

4. The method as recited in claim 2, wherein one of a
free-wheeling voltage and an absolute value of a free-
wheeling voltage of the free-wheeling element is used as the
minimum value.

5. The method as recited in claim 1, further comprising:

determining, at least once during the pulse width modu-

lation period, a pulse duty factor for the pulse width
modulation period to be set with the aid of the switch-
ing device from the mean load voltage and an instan-
taneous supply voltage of a power supply.

6. The method as recited in claim 5, further comprising:

determining the mean load voltage from the input current

intensity with the aid of the first controller with a pulse
width modulation frequency; and

determining the pulse duty factor with a sampling fre-

quency selected to be greater than the pulse width
modulation frequency.

7. The method as recited in claim 1, wherein the differ-
ence variable corresponds to a difference between the actual
current intensity through the consumer and the model cur-
rent intensity determined with the aid of the model.

8. The method as recited in claim 7, wherein the differ-
ence between the actual current intensity through the con-
sumer and the model current intensity determined with the
aid of the model is guided by a transfer element.

9. The method as recited in claim 1, further comprising:

filtering at least one of the target current intensity, the

setpoint current intensity, and the input current inten-
sity.

10. A circuit configuration, comprising:

a control unit for controlling a current intensity of an

electric current flowing through an inductive consumer;

a switching device;

a current measuring unit;

a first controller;

a second controller; and

a freewheeling element, wherein:
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the consumer is connected in series to the switching
device and the current measuring unit, and in parallel
to the freewheeling element,

the control unit activates the switching device for
adjusting the current intensity during a pulse width
modulation period,

the control unit determines a mean load voltage to be
set during the pulse width modulation period from an
input current intensity with the aid of the first con-
troller,

the mean load voltage is set during the pulse width
modulation period with the aid of the switching
device at the consumer,

one of the mean load voltage and a setpoint load
voltage is determined with the aid of the second
controller from a predefined setpoint current inten-
sity being fed to a model adapted to the consumer,

the input current intensity is ascertained from a differ-
ence between the predefined setpoint current inten-
sity and a difference variable between an actual
current intensity through the consumer and a model
current intensity determined with the aid of the
model,

the setpoint current intensity is determined from a
target current intensity and a superposition current
intensity; and

the superposition current intensity is determined from a
superposition target current intensity with the aid of
an inverted transfer function of a control loop made
up of the first controller and the consumer.
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